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METHOD FOR DUAL DAMASCENE 
PROCESS USING ELECTRON BEAM AND 

ION IMPLANTATION CURE METHODS FOR 
LOW DIELECTRIC CONSTANT MATERIALS 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates, generally, to dual dama 
scene processing and, more particularly, to a method for dual 
damascene processing using electron beam and ion implan 
tation cure methods for a material having a loW dielectric 
constant. 

2. Background Art and Technical Problems 
MetalliZation, Which generally refers to the materials, 

methods and processes of Wiring together or interconnecting 
the component parts of an integrated circuit located on the 
surface of a Wafer, is critical to the operation of semicon 
ductor devices. As shoWn in FIGS. 1a through 1d, the 
conventional metalliZation process for a single layer metal 
system used in fabricating semiconductor devices ?rst 
involves contact masking Which is the etching of contact 
holes or “contacts” through all the surface layers on a 
semiconductor device until contact is made With the active 
regions of the device as shoWn in FIG. 1b. Next, as shoWn 
in FIG. 1c, a thin layer of the conducting metal is deposited 
over the entire surface of the device and the unWanted 
portions of the layer are removed by a conventional photo 
masking and metal etch procedure. After metal etch, thin 
lines of the metal knoWn as leads or interconnects cover the 
surface of the device as depicted in FIG. 1d. Typically, a heat 
treatment step knoWn as alloying is then performed to ensure 
good electrical contact betWeen the metal and the surface of 
the Wafer. 
As more and more circuit components are placed on the 

Wafer surface, the amount of space available for surface 
Wiring decreases. In order to overcome this problem, 
advances in semiconductor processing have resulted in 
multilevel layering and Wiring of circuit components. An 
example of a tWo level metalliZation scheme is shoWn in 
FIG. 2. In a multilevel metalliZation scheme, surface com 
ponents are left partially Wired together after a single level 
metalliZation process is performed. Next, a dielectric mate 
rial is deposited on the surface of the device and a masking 
step is performed Which etches contact holes, knoW as vias, 
doWn to the ?rst level metal. The Whole process, including 
the single level metalliZation process, is then repeated until 
a ?nal structure is achieved Which comprises tWo or three 
levels of metal connected to one another. Multi level metal 
systems are more costly and have loWer yields. In addition, 
planariZation of the Wafer surface and intermediate layers 
require greater attention in order to form reliable current 
carrying interconnects. In order to function as a good surface 
conductor, a metal Will preferably exhibit good current 
density, good adhesion to the Wafer surface, ease of 
patterning, good electrical contact With the Wafer material, 
high purity, corrosion resistance and long term stability. 

In the past, the primary metalliZation material used in 
semiconductor fabrication Was aluminum due to the leakage 
and adhesion problems experienced With the use of gold and 
the high contact resistance With silicon experienced With 
copper. HoWever, over time, the semiconductor industry has 
sloWly been moving to the use of copper for metalliZation 
due to the alloying and electromigration problems that are 
seen With aluminum. In addition, the industry has been 
moving to dual damascene processing Which involves cre 
ating interconnect lines by etching a trench, and a series of 
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2 
contact holes or vias, in a planar dielectric layer and then 
?lling in both With a metal. After ?lling the trench and via 
With metal, the metal and dielectric are then planariZed by 
chemical mechanical polishing (CMP). The industry has 
recently turned to damascene processing in favor of con 
ventional aluminum/silicon dioxide interconnect techniques 
in that damascene processing eliminates the need for metal 
etch. Further, since the industry is moving to prefer copper 
over aluminum for metalliZation, the damascene process is 
even more important in that copper is extremely difficult to 
etch. In addition to eliminating the need for metal etch, 
damascene processing also eliminates the need for dielectric 
gap ?ll. Another advantage to damascene processing is its 
ability to achieve higher interconnect packing density than 
conventional metalliZation methods. 

The industry’s drive to achieve smaller dimensions for 
integrated circuits, a reduction in time delays, an increase in 
on-chip speed, and loWer metal resistance, has resulted in 
the above mentioned trends, namely a sWitch to copper from 
aluminum for metalliZation, a sWitch to dual damascene 
processing over conventional metalliZation techniques, and 
a move to using materials With a loW dielectric constant. 
HoWever, due to the risks and expenses associated With 
incorporating all three large scale trends in manufacturing 
semiconductor devices, many believe that industry competi 
tors Will likely implement only one or tWo of these changes 
in fabricating semiconductor devices. 

Accordingly, there is a need for a method for semicon 
ductor fabrication Which incorporates the use of copper and 
a loW dielectric constant material, With dual damascene 
metalliZation, to produce reliable semiconductor devices 
Which possess increased density and ef?ciency Without 
jeopardizing integrity. In addition, there is also a need for a 
method for dual damascene processing Which functions to 
decrease the cost and complexity of the semiconductor 
fabrication process While increasing its ef?ciency and ability 
to produce reliable semiconductor Workpieces. 

SUMMARY OF THE INVENTION 

In accordance With one embodiment of the present 
invention, a hard mask or etch stop for processing a semi 
conductor Workpiece is created by depositing a layer of 
dielectric material on a substrate and exposing the dielectric 
layer to either an electron beam or ion implantation such that 
a topmost layer of the dielectric layer is converted into a 
hard mask or etch stop thereby eliminating the extra depo 
sition step required in conventional dual damascene metal 
liZation processing. 

In accordance With a further aspect of the present 
invention, the dielectric material used for creating the etch 
stop is preferably a material having a loW dielectric constant 
such as Within a range of 1.0 to 3.5. The material having a 
loW dielectric constant may be an organic material, an 
inorganic material, a polymer, a ?uorine containing material, 
or even a porous material. Some examples of the loW 
dielectric constant material include, but are not limited to, 
hydrogen silsesquioxane, methyl silsesquioxane, methyl 
siloxane, ?uorineless arylene ether, and benZocyclobutene. 

In another embodiment of the present invention, a hard 
mask or etch stop for processing a semiconductor Workpiece 
is created Within a method for dual damascene metalliZation 
Which includes the steps of I) depositing a ?rst layer of loW 
dielectric constant material on a Wafer substrate, ii) curing 
the ?rst layer of loW dielectric constant material such that the 
topmost layer of the ?rst loW dielectric constant material 
layer is converted into an etch stop or forms a hard mask, iii) 
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applying a photoresist pattern to the ?rst layer of loW 
dielectric constant material, iv) etching the hard mask or 
etch stop to form the opening of a via in the ?rst layer of loW 
dielectric constant material, v) depositing a second layer of 
loW dielectric constant material to the ?rst layer of loW 
dielectric constant material containing the via opening, vi) 
curing the second layer of loW dielectric constant material so 
that the topmost layer of the second layer of loW dielectric 
constant material converts to an etch stop or forms a hard 
mask, vii) applying a photoresist pattern to the second layer 
of loW dielectric constant material, viii) etching the hard 
mask or etch stop in the second layer of loW dielectric 
constant material to form a trench opening over the via, iX) 
etching the ?rst and second layers of loW dielectric constant 
material to form the via and trench, respectively, X) depos 
iting a barrier layer over eXposed surfaces of the via and 
trench to prevent metal diffusion, and Xi) ?lling the via and 
trench With a metal. 

In accordance With a further aspect of the present 
invention, curing of the ?rst and second layers of loW 
dielectric constant material may be performed by eXposing 
the ?rst and second layers of loW dielectric constant 
material, respectively, to either an electron beam or ion 
implantation. 

In accordance With still a further aspect of the present 
invention, the electron beam or ion implantation used for 
curing both the ?rst and second layers of loW dielectric 
constant material is applied in the presence of an ambient 
such as, for eXample, argon gas, nitrogen gas, oXygen gas 
and ammonia gas. In addition, during such processing, the 
Wafer substrate may also be concurrently heated by posi 
tioning the back side of the Wafer substrate on a heating 
element such as a hot plate Which is incorporated into the 
chuck that supports the Wafer during processing in a pro 
cessing chamber. 

In accordance With yet a further aspect of the present 
invention, the deposition of a layer of material, such as the 
loW dielectric constant layer, on the Workpiece surface may 
be carried out by a number of methods including, but not 
limited to, spinning, electroplating, chemical vapor 
deposition, and sputtering. 

In accordance With still another aspect of the present 
invention, the topmost layer of the loW dielectric constant 
material that has been cured by either an electron beam or 
ion implantation to form a hard mask can be used as a CMP 
stop during metal CMP. This is a distinct advantage over 
curing of loW dielectric constant materials by the conven 
tional method of thermal treatment only. The present inven 
tion’s use of the hard mask created by the application of an 
electron beam or ion implantation for CMP stop during 
metal CMP improves process robustness and process Win 
doW. 

Various other aspects of the present invention are set forth 
With particularity in the detailed description of exemplary 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will hereinafter be described in 
conjunction With the appended draWing ?gures, Wherein like 
numerals designate like elements in the various ?gures, and 
Wherein: 

FIG. 1a is a perspective vieW of a Wafer With doped 
regions; 

FIG. 1b is a perspective vieW of a Wafer that has been 
patterned With a contact mask; 

FIG. 1c is a perspective vieW of a Wafer after deposition 
of a conducting layer after contact masking; 
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4 
FIG. 1a' is a perspective vieW of a Wafer after metal 

etching of a conducting layer; 
FIG. 2 is a cross section of an exemplary tWo level metal 

semiconductor device having very large scale integration 
(VLSI); 

FIG. 3a is a cross section of a semiconductor device 
formed With prior art dual damascene processing shoWing 
deposition of an insulator, or dielectric material, over a 
Wafer substrate, deposition of a silicon nitride layer over the 
insulator to form an etch stop, and patterning of a via With 
a photoresist; 

FIG. 3b is a cross section of the semiconductor device 
shoWn in FIG. 3a after etching the via pattern into the silicon 
nitride layer etch stop; 

FIG. 3c is a cross section of the semiconductor device 
shoWn in FIG. 3b after depositing another layer of insulator, 
or dielectric material, over the silicon nitride layer contain 
ing the via pattern; 

FIG. 3a' is a cross section of the semiconductor device 
shoWn in FIG. 3c after patterning a trench over the second 
insulator layer With a photoresist; 

FIG. 36 is a cross section of the semiconductor device 
shoWn in FIG. 3a' after etching the trench and via into the 
?rst and second insulator layers, respectively; 

FIG. 3f is a cross section of the semiconductor device 
shoWn in FIG. 36 after depositing a barrier layer over the 
eXposed surfaces of the via and trench; 

FIG. 3g is a cross section of the semiconductor device 
shoWn in FIG. 3f after ?lling the via and trench With a metal, 
performing metal CMP, and depositing a silicon nitride layer 
over the metal and the second layer of insulator; 

FIG. 4a is a cross section of a semiconductor device 

substrate; 
FIG. 4b is a cross section of a semiconductor device 

formed With the dual damascene metalliZation method and 
apparatus of the present invention shoWing deposition of a 
?rst loW dielectric constant material layer over the Wafer 
substrate; 

FIG. 4c is a cross section of the semiconductor device 
shoWn in FIG. 4b after forming a hard mask or etch stop in 
the topmost layer of the ?rst loW dielectric constant material 
layer by applying an electron beam or ion implantation to the 
?rst loW dielectric constant material layer; 

FIG. 4a' is a cross section of the semiconductor device 
shoWn in FIG. 4c after depositing a photoresist over the ?rst 
loW dielectric constant material layer; 

FIG. 46 is a cross section of the semiconductor device 
shoWn in FIG. 4a' after eXposing and developing the pho 
toresist to form a pattern for a via opening; 

FIG. 4f is a cross section of the semiconductor device 
shoWn in FIG. 46 after etching the hard mask or etch stop of 
the ?rst loW dielectric constant material layer to form an 
opening for the via; 

FIG. 4g is a cross section of the semiconductor device 
shoWn in FIG. 4f after stripping the photoresist from the 
surface of the hard mask or etch stop Which forms the 
topmost layer of the ?rst loW dielectric constant material 
layer; 

FIG. 4h is a cross section of the semiconductor device 
shoWn in FIG. 4g after deposition of a second loW dielectric 
constant material layer over the hard mask or etch stop 
Which forms the topmost layer of the ?rst loW dielectric 
constant material layer; 

FIG. 4i is a cross section of the semiconductor device 
shoWn in FIG. 4h after forming a hard mask or etch stop in 
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the topmost layer of the second loW dielectric constant 
material layer by applying an electron beam or ion implan 
tation to the second loW dielectric constant material layer; 

FIG. 4j is a cross section of the semiconductor device 
shoWn in FIG. 4i after depositing a photoresist over the 
second loW dielectric constant material layer; 

FIG. 4k is a cross section of the semiconductor device 
shoWn in FIG. 4j exposing and developing the photoresist to 
form a pattern for a trench opening; 

FIG. 41 is a cross section of the semiconductor device 
shoWn in FIG. 4k after etching the hard mask or etch stop of 
the second loW dielectric constant material layer to form an 
opening for the trench; 

FIG. 4m is a cross section of the semiconductor device 
shoWn in FIG. 41 after etching the via and trench in the ?rst 
and second loW dielectric constant materials, respectively; 

FIG. 411 is a cross section of the semiconductor device 
shoWn in FIG. 4m after stripping the photoresist from the 
surface of the hard mask or etch stop Which forms the 
topmost layer of the second loW dielectric constant material 
layer; 

FIG. 40 is a cross section of the semiconductor device 
shoWn in FIG. 411 after depositing a barrier layer over the 
exposed surfaces of the via and trench; 

FIG. 4p is a cross section of the semiconductor device 
shoWn in FIG. 40 after ?lling the via and trench With a metal 
by metal deposition; 

FIG. 4q is a cross section of the semiconductor device 
shoWn in FIG. 4p after performing metal CMP using the 
hard mask created in the topmost layer of the second loW 
dielectric constant material layer as a CMP stop; and 

FIG. 5 is a How chart setting forth various process steps 
employed in the dual damascene metalliZation process of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS OF THE 

PRESENT INVENTION 

As the semiconductor industry moves to smaller and 
smaller integrated circuit features, the aspect ratio of the 
interconnects connecting these features increases and it 
becomes more and more difficult to obtain good etching and 
good gap ?ll results. Accordingly, metal etch and dielectric 
gap ?ll are seen as the industry’s greatest challenges in 
moving to smaller dimensions. Damascene processing 
eliminates both of these conventional steps used in process 
ing interconnects and, as a result, the industry has moved 
toWard improving damascene processing techniques. 

The steps involved in an exemplary prior art dual dama 
scene metalliZation process are shoWn in FIGS. 3a—3f The 
process typically begins With a silicon Wafer substrate that is 
covered With an insulator layer. The insulator is typically a 
dielectric, and preferably a material having a loW dielectric 
constant. Masking then takes place to create patterns for the 
via and trench, and an etch stop layer such as a thin silicon 
nitride layer is used to act as a hard mask. 

In FIG. 3a, there is shoWn a cross section of a semicon 
ductor device formed With prior art dual damascene pro 
cessing shoWing deposition of an insulator 22, eg a dielec 
tric material, over a Wafer substrate 18, deposition of an etch 
stop such as a silicon nitride layer 20 over the insulator 22 
to form an etch stop, and patterning of a via 26 With a 
photoresist 24. In a typical prior art dual damascene process, 
it is necessary to deposit an etch stop layer in order to 
improve process WindoW and robustness. Examples of such 
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6 
etch stop layers include the use of a nitride layer, Which is 
typically used as the etch stop layer for a dielectric using 
silicon dioxide, or the use of either a nitride or an oxide layer 
as the etch stop layer for a loW constant dielectric material. 
Etching of the via pattern 26 into the silicon nitride etch stop 
20 is shoWn in FIG. 3b. In FIG. 3c, a second layer of 
insulator 30 is deposited over the silicon nitride layer 20 
containing the via pattern 26. Deposition of the insulator 
layers, silicon nitride layers, and photoresist may take place 
by a number of techniques including, but not limited to, spin 
on, electroplating, chemical vapor deposition, and sputter 
ing. Next, a trench is patterned 32 over the second insulator 
layer 30 using a photoresist 24 as shoWn in FIG. 3d. After 
patterning the trench 32, the trench 34 and via 36 are etched 
into the second and ?rst layers of insulator 30, 22, respec 
tively as depicted in FIG. 36. Next, as seen in FIG. 3f a 
barrier layer is deposited over the exposed surfaces of the via 
and trench to prevent diffusion of metal after the via and 
trench are ?lled With a metal. Finally, as shoWn in FIG. 3g, 
the via 36 and trench 34 are ?lled With a metal 38, folloWed 
by metal CMP and deposition of a silicon nitride layer over 
the metal 38 and the second insulator layer 30. 
One of the major advantages of the dual damascene 

process sequence shoWn in FIGS. 3a—3f is the need for only 
one etch step and one metal ?ll step. In addition to the 
advantages achieved by prior art dual damascene 
processing, the method and apparatus of the present inven 
tion for dual damascene processing possesses the further 
advantage of eliminating the need for deposition of an etch 
stop layer over the insulator, or dielectric material. Instead, 
the method and apparatus for dual damascene processing of 
the present invention utiliZes a unique cure method Which 
converts the topmost layer of insulator or dielectric material 
to an etch stop layer. 

FIGS. 4a—4q shoW the sequence steps for the dual dama 
scene metalliZation process of the present invention. Like 
the prior art dual damascene process, the dual damascene 
process of the present invention begins With the deposition 
of an insulator, preferably a material having a loW dielectric 
constant 52, over a semiconductor Wafer substrate 48 as 
shoWn in the cross-section of a semiconductor device 
depicted in FIG. 4b. Deposition of a ?rst layer of the loW 
dielectric constant material may be carried out by several 
techniques including, but not limited to, spin on, 
electroplating, chemical vapor deposition, vacuum 
evaporation, and sputtering. 

Next, the ?rst layer of loW dielectric constant material 52 
is cured by exposure to either an electron beam, Which 
involves electron beam irradiation and rapid thermal 
heating, or ion implantation, Which involves both ion 
implantation and rapid thermal heating. Exposure of the ?rst 
loW dielectric constant material layer 52 to an electron beam 
results in the conversion of the topmost layer of the ?rst loW 
dielectric constant material layer 52 into a ?rst hard mask or 
etch stop 53 While rapid thermal heating associated With 
electron beam exposure cures the remainder of the ?rst loW 
dielectric constant material layer 52 so that it obtains its loW 
dielectric constant properties. Similarly, exposure of the ?rst 
loW dielectric constant material layer to ion implantation 
results in the conversion of the topmost layer of the ?rst loW 
dielectric constant material layer into a ?rst hard mask or 
etch stop, While the rapid thermal heating associated With 
ion implantation cures the remainder of the ?rst loW dielec 
tric constant material layer. Formation of such a ?rst hard 
mask or etch stop 53 in the topmost layer of the ?rst loW 
dielectric constant material layer 52 is shoWn in FIG. 4c. 

After curing the ?rst loW dielectric constant material layer 
52, a ?rst layer of photoresist 54 is deposited over the ?rst 
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hard mask or etch stop 53 as shown in FIG. 4d. Deposition 
of the photoresist may be carried out by several techniques 
including, but not limited to, spin on. Next, as shoWn in FIG. 
46, the ?rst layer of photoresist 54 is exposed and developed 
to form a pattern for a via opening 56. Following along to 
FIG. 4f, the ?rst hard mask or etch stop 53 of the ?rst loW 
dielectric constant material layer 52 is etched to form an 
opening 56 for the via. The ?rst layer of photoresist 54 is 
then stripped from the surface of the ?rst hard mask or etch 
layer 53 Which comprises the topmost layer of the ?rst loW 
dielectric constant material layer 52. Then, as shoWn in FIG. 
4h, a second layer of loW dielectric constant material 60 is 
deposited over the ?rst layer of loW dielectric constant 
material 52 having the ?rst hard mask or etch step 53 
creating its topmost layer Wherein the opening 56 for the via 
is contained Within the ?rst hard mask or stop etch 53. The 
deposition of the second layer of loW dielectric constant 
material 60 may be carried out by any of the techniques 
previously identi?ed With respect to the deposition of the 
?rst layer of loW dielectric constant material 52. 

After depositing the second layer of loW dielectric con 
stant material 60 over the surface of the semiconductor 
device, the second layer of loW dielectric constant material 
60 is cured by exposure to either an electron beam or ion 
implantation as described above With reference to curing the 
?rst layer of loW dielectric constant material 52. As shoWn 
in FIG. 4i, curing of the second layer of loW dielectric 
constant material 60 With either an electron beam or ion 
implantation results in the creation of a second hard mask or 
etch stop 61 in the uppermost layer of the second layer of 
loW dielectric constant material 60. 

Next, as illustrated in FIG. 4j, a second layer of photo 
resist 62 is deposited over the surface of the semiconductor 
device, Which noW comprises the second hard mask or etch 
stop 61 contained Within the uppermost layer of the second 
layer of loW dielectric constant material 60. Then, as shoWn 
in FIG. 4k, the second layer of photoresist 62 is exposed and 
developed to pattern a trench opening 63 over the via pattern 
56. Then, as shoWn in FIG. 4l, the second hard mask or etch 
stop 61 comprising the topmost layer of the second loW 
dielectric constant material layer 60 is etched to form the 
trench opening 63 that Was patterned by the second layer of 
photoresist 62. 

In FIG. 4m, a via 64 and trench 66 are then etched into the 
?rst and second loW dielectric constant material layers 
52,60, respectively. After etching the via 64 and trench 66, 
the second layer of photoresist 62 is stripped from the 
second hard mask or etch stop 61 Which comprises the 
topmost layer of the second loW dielectric constant material 
layer 60. 

Abarrier layer 68 such as, for example, tantalum nitride, 
is then deposited over the surface of the semiconductor 
device to form a layer over the exposed surfaces of the via 
64 and trench 66. This barrier layer 68 is deposited over the 
via 64 and trench 66 in order to prevent metal diffusion once 
the via 64 and trench 66 are ?lled With a metal. After 
depositing the barrier layer 68, the via 64 and trench 68 are 
?lled With a metal 70, preferably copper. Finally, metal CMP 
is performed during Which the second hard mask or etch stop 
61 that comprises the topmost layer of the second loW 
dielectric constant material layer 60 may serve as a CMP 
stop thereby improving process robustness and process 
WindoW. 

A How chart setting forth various process steps employed 
in the dual damascene metalliZation process of the present 
invention is shoWn in FIG. 5. First, a material having a loW 
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8 
dielectric constant is deposited 202 on a substrate. This ?rst 
layer of loW dielectric constant material preferably possesses 
a dielectric constant Within the range of 1.0 to 3.5. Many 
different types of materials may be used for the loW dielec 
tric constant material including, but not limited to, organic 
materials, inorganic materials, polymers, ?uorine containing 
materials, and porous materials such as aorogels and xero 
gels. Some examples of more speci?c loW dielectric con 
stant materials include, but are not limited to, hydrogen 
silsesquioxane, methyl silsesquioxane, methyl siloxanes, 
?uorine less arylene ether, and benZocyclobutene. 

Next, the ?rst layer of loW dielectric constant material is 
cured With an electron beam 204 or ion implantation 206, 
each of Which convert the topmost layer of the ?rst layer of 
loW dielectric constant material into a ?rst hard mask or etch 
stop. The energy of the electron beam controls the thickness 
of the hard mask or etch stop that is formed in the loW 
dielectric constant material. Exemplary parameters for expo 
sure to the electron beam are as folloWs: 

Standard Minimum Maximum 

Energy 2 keV 1 keV 8 keV 
Dose 5000 uc/cm2 not yet determined 10,000 
Temperature 400 C. 300 C. 450 C. 
Ambient Argon N2, O2, forming gas, N2H2 

Ammonia 
Process Time <3 minutes 
Current 10 mA 20 mA 

One speci?c example of parameters involved in the cure 
process can be shoWn by curing a 4000 Angstrom ?lm of a 
loW dielectric constant material, such as hydrogen 
silsesquioxane, With an electron beam at 2 keV Which 
produces an etch stop layer having a thickness of about 500 
Angstroms. The thickness of the etch stop layer is preferably 
Within a range of 300 to 500 Angstroms and this thickness 
level can typically be achieved Within a loW dielectric 
constant material With an electron beam having energy 
Within a range of 1 to 10 keV. 

After curing and creation of a ?rst etch stop in the topmost 
layer of the ?rst layer of loW dielectric constant material, a 
photoresist is applied 208 over the ?rst layer of loW dielec 
tric constant material having the ?rst hard mask to pattern a 
via opening. Etching 210 then takes place to etch an opening 
for a via in the ?rst hard mask or etch stop of the ?rst layer 
of loW dielectric constant material. The photoresist is 
removed and then a second layer of loW dielectric constant 
material is deposited 212 over the surface of the semicon 
ductor device. After deposition of the second layer of loW 
dielectric constant material, the second layer of loW dielec 
tric constant material is cured by either exposure to an 
electron beam 214 or ion implantation 216. Curing results in 
the formation of a second hard mask or etch stop in the 
uppermost layer of the second layer of the loW dielectric 
constant material. A photoresist is then applied 218 and a 
pattern for a trench opening s formed after the photoresist is 
exposed and developed. The via and trench are then etched 
220 into the ?rst and second layers of the loW dielectric 
constant material, respectively. Next, a barrier layer such as 
tantalum nitride, for example, is deposited 221 to prevent 
metal diffusion after the via and trench are ?lled With metal. 
Finally, the via and trench are ?lled 222 With a metal. 
Copper is the preferred metal. 

Metal CMP typically takes place after ?lling the via and 
trench With a metal. As previously stated, exposure of a loW 
dielectric constant material to an electron beam or ion 
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implantation involves both electron beam irradiation or ion 
implantation, in addition to rapid thermal heating, both of 
Which occur simultaneously. Further, it should be pointed 
out that the bottom surface of the Wafer substrate may be 
heated With a quartZ lamp during curing With either an 
electron beam or ion implantation, in accordance With the 
present invention, to form the etch stop in the layers com 
prising a loW dielectric constant material. In contrast, the 
conventional method for curing a loW dielectric constant 
?lm in dual damascene processing involves thermal treat 
ment only. Use of thermal treatment only in curing the loW 
dielectric constant ?lm does not create the hard mask or etch 
stop that is created by curing the loW dielectric constant ?lm 
With either an electron beam or ion implantation. 
Accordingly, those skilled in the art Will appreciate that the 
dual damascene process of the present invention, Which 
includes curing of the loW dielectric constant material With 
an electron beam or ion implantation, Will enable the hard 
mask or etch stop created in the uppermost layer of the loW 
dielectric constant material to serve as a CMP stop during 
metal CMP after ?lling the via and trench With metal. 

The method of the present invention for dual damascene 
processing may be carried out as either a single or multiple 
Wafer process. With respect to a multiple Wafer dual dama 
scene process, the present invention contemplates the use of 
a load lock system Wherein multiple chambers may be 
contained Within a single machine and each chamber Would 
be preset such that its interior Was at a predetermined 
pressure and temperature thereby eliminating the time 
period required for bringing the chamber and Wafers up to 
the appropriate pressure and temperature for processing. 
Movement of the Wafers from one chamber to the next 
Within such a tool Would take place by Way of a load lock 
system Wherein the Wafers are transferred into the various 
chambers Without breaking the pressure and temperature 
parameters existing Within the interior of the chambers. 

It should be understood that the foregoing description is 
of exemplary embodiments of the invention and that the 
invention is not limited to the speci?c forms or strictures 
shoWn or described herein. Various modi?cations may be 
made in the design, arrangement, and type of elements and 
structures disclosed herein, as Well as the steps of making 
and using the invention Without departing from the scope of 
the invention as expressed in the appending claims. 
We claim: 
1. A method for dual damascene metalliZation comprising 

the steps of: 
depositing a ?rst layer of dielectric material on a Wafer 

substrate; 
curing said ?rst layer of dielectric material such that a 

topmost layer of said ?rst layer of dielectric material is 
converted into a ?rst etch stop; 

applying a photoresist pattern to said ?rst layer of dielec 
tric material to form a pattern for a via opening; 

etching said ?rst etch stop in said ?rst layer of dielectric 
material to form said via opening in said ?rst layer of 
dielectric material; 

depositing a second layer of dielectric material to said ?rst 
layer of dielectric material comprising said via open 
ing; 

curing said second layer of dielectric material such that a 
topmost layer of said second layer of dielectric material 
is converted into a second etch stop; 

applying a photoresist pattern to said second layer of 
dielectric material to form a pattern for a trench open 
ing; 

etching said second and ?rst layers of dielectric material 
to form a trench and via, respectively; and 
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?lling said via and trench With a metal. 
2. The method of claim 1 further comprising the step of 

depositing a barrier layer prior to said step of ?lling said via 
and trench With a metal. 

3. The method of claim 1 Wherein at least one of said step 
of depositing a ?rst layer of dielectric material and said step 
of depositing a second layer of dielectric material comprises 
depositing a material having a loW dielectric constant Within 
a range of about 1.0 to 3.5. 

4. The method of claim 1 Wherein at least one of said step 
of depositing a ?rst layer of dielectric material and said step 
of applying a second layer of dielectric material comprises 
depositing a material having a loW dielectric constant com 
prising at least one of an organic material, an Inorganic 
material, a polymer, a ?uorine containing material, and a 
porous material. 

5. The method of claim 4 Wherein said step of depositing 
a material having a loW dielectric constant comprises depos 
iting at least one of a hydrogen silsesquioxane, a methyl 
silsesquioxane, a methyl siloxane, a ?uorineless arylene 
ether, and a benZocyclobutene. 

6. The method of claim 1, Wherein at least one of said step 
of curing said ?rst layer of dielectric material and said step 
of curing said second layer of dielectric material comprises 
exposing an electron beam to at least one of said ?rst layer 
and said second layer of dielectric material, respectively. 

7. The method of claim 6, Wherein exposing said electron 
beam comprises applying said electron beam to at least one 
of said ?rst and second dielectric layers Wherein said elec 
tron beam comprises energy Within a range of 1 kev to 10 
kev. 

8. The method of claim 7 Wherein said energy of said 
electron beam is used to control a thickness of at least one 
of said ?rst and second etch stops. 

9. The method of claim 6 Wherein exposing said electron 
beam comprises applying said electron beam to at least one 
of said ?rst and second dielectric layers While the Wafer 
substrate is at a temperature Within a range of 300 degrees 
C to 450 degrees C. 

10. The method of claim 6 Wherein exposing said electron 
beam comprises applying said electron beam to at least one 
of said ?rst and second dielectric layers Wherein said elec 
tron beam is applied Within the presence of an ambient 
comprising at least one of an argon gas, a nitrogen gas, an 
oxygen gas, and an ammonia gas. 

11. The method of claim 6 Wherein exposing said electron 
beam comprises applying said electron beam to at least one 
of said ?rst and second dielectric layers Wherein said elec 
tron beam is applied having a current Within a range of 10 
mA to 20 mA. 

12. The method of claim 9 further comprising the step of 
heating said Wafer substrate, and any additional layers 
comprised thereon, by placing said Wafer substrate on a hot 
plate during the dual damascene metalliZation process. 

13. A method for creating an etch stop during a dual 
damascene metalliZation process comprising the steps of: 

depositing a layer of dielectric material on a substrate; and 
exposing said dielectric layer to an electron beam such 

that a topmost layer of said dielectric material forms an 
etch stop layer. 

14. The method of claim 13 Wherein said step of depos 
iting a layer of dielectric material comprises depositing a 
material having a loW dielectric constant Within a range of 
about 1.0 to 3.5. 

15. The method of claim 13 Wherein said step of depos 
iting a layer of dielectric material comprises depositing a 
material having a loW dielectric constant comprising at least 
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one of an organic material, an inorganic material, a polymer, 
a ?uorine containing material, and a porous material. 

16. The method of claim 15 Wherein said step of depos 
iting a material having a loW dielectric constant comprises 
depositing at least one of a hydrogen silsesquioXane, a 
methyl silsesquioXane, a methyl siloXane, a ?uorineless 
arylene ether, and a benZocyclobutene. 

17. A method for creating an etch stop during a dual 
damascene metalliZation process comprising the steps of: 

depositing a layer of dielectric material on a substrate; and 
exposing said dielectric layer to ion beam implantation 

such that a topmost layer of said dielectric material 
forms an etch stop layer. 

18. The method of claim 17 Wherein said step of depos 
iting a layer of dielectric material comprises depositing a 
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material having a loW dielectric constant Within a range of 
about 1.0 to 3.5. 

19. The method of claim 17 Wherein said step of depos 
iting a layer of dielectric material comprises depositing a 
material having a loW dielectric constant comprising at least 
one of an organic material, an inorganic material, a polymer, 
a ?uorine containing material, and a porous material. 

20. The method of claim 19 Wherein said step of depos 
iting a material having a loW dielectric constant comprises 
depositing at least one of a hydrogen silsesquioXane, a 
methyl silsesquioXane, a methyl siloXane, a ?uorineless 
arylene ether, and a benZocyclobutene. 


